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FIBER ARRAY, METHOD FOR FABRICATING THE SAME AND OPTICAL 
DEVICE USING THE FIBER ARRAY 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to fiber arrays used to fix one or more optical fibers 
in a line, and to connect the one or more optical fibers to an optical element, as well as to 
methods for fabricating such fiber arrays and optical devices using such fiber arrays. 

2. Description of the Related Art 

Conventional fiber arrays are mainly used to couple optical fibers to waveguides 
of optical devices. As shown in a top view in Fig. 3(a), the corresponding lateral view in 
Fig. 3(b), and in Figs. 4(a)-(c), the end faces of a fiber array and a waveguide substrate are 
optically fixed by an end face adhesive A, and the end faces of the optical fibers are up to 
about 1 0 |xm removed from the end face of the waveguide D. As shown in Fig. 4(a), 
which is a front view, and in Fig. 4(c), which is a cross-section taken from above, stripped 
fibers 8 are placed in a V-groove substrate 1, and a fiber fixing substrate 2 fixes the 
stripped fibers 8 in the center of the V-grooves. The stripped fibers 8 are fastened by a 
peripheral adhesive B disposed around the stripped fibers 8, so that the gap between the 
V-grooves and the stripped fibers 8, in other words the periphery of the fibers, is filled 
with the peripheral adhesive B. Furthermore, coated fibers 9 are housed by an upper 
substrate 3, to which they are fixed with an adhesive. It should be noted that the upper 
substrate 3 is sometimes not needed, since the fiber fixing substrate 2 is used to fix the 
stripped fibers 8 securely in the center of the V-grooves 7. 

The V-groove substrate 1 includes an upper plane 4 and a lower plane 6 that is 
recessed by a step 5 from the upper plane 4. V-grooves 7 are formed by mechanical 
machining using a grinding stone or the like, or by Si etching to house the stripped fibers 
8 in the upper plane 4. The height of the step 5 is set to about half the diameter of the 
coated portion of the optical fiber. This height is adjusted such that the stripped fibers 8 
are placed in the center of the V-grooves 7, when the coating of the optical fibers is put on 
the lower plane 6. Moreover, the fiber fixing substrate 2 is fastened tightly to the upper 
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side of the upper plane 4 to fix the stripped fibers 8 in the center of the V-grooves 7. 
Then, grooves are formed in the lower side of the upper substrate 3, and the upper 
substrate 3 is placed on the lower plane 6 of the V-groove substrate 1. 

As a method for fabricating such a fiber array, first the upper substrate 3 is placed 
on the lower plane 6 of a V-groove substrate 1 , and the end face of the upper substrate 3 is 
adhered tightly to the step 5 of the V-groove substrate 1 . Thus, both parts are positioned 
with respect to longitudinal direction.' At the same time tunnel-shaped holes are formed 
by the lower plane 6 and the grooves in the lower surface of the upper substrate 3. If the 
optical fibers are introduced from the outside into these holes, then the stripped optical 
fibers 8 are matched with the centers of the V-grooves 7. Here, the coating housing 
portion is machined so that the grooves in the lower surface precisely match the coating of 
the fibers. Consequently, once the optical fibers are inserted, they are maintained in that 
state. Then after the fiber fixing substrate 2 is placed on the upper plane 4 of the 
V-groove substrate 1 to hold down the stripped fibers 8, a thermo-setting or UV-setting 
resin adhesive B is injected and filled around the stripped fibers 8 to fix them adhesively. 

Next, after polishing the surface joined to the waveguide D, both end faces of the 
fiber array and the waveguide D substrate are optically fixed with the end face adhesive A. 

A problem is that over the passage of years, the peripheral adhesive B swells and 
its volume expands when the adhesive B is disposed around the fibers in the fiber array. 
If it protrudes out to the front, pressing against the end face adhesive A as shown in Fig. 
4(c), a strong exfoliation stress acts on the adhesion interface between the end face 
adhesive A and the fiber end faces. It may lead to exfoliations 8b. More specifically, as 
shown in Fig. 4(b), the spaces for the fibers have the shape of triangular prisms. The 
peripheral adhesive B around the fibers protrudes from the portions corresponding to the 
three vertices in longitudinal direction while enclosing the fibers. As a result, stress 
concentrates locally on the adhesion surface where the fiber end face borders against the 
end face adhesive A. The fiber end face easily exfoliates from the end face adhesive A. 
Even at a microscopic level, if the core portion 8a of the fibers exfoliates, such 
exfoliations immediately cause light reflections, leading to a deterioration of the 
transmission signal from the light source. The volume taken up by the peripheral 
adhesive B is small when compared to the total volume of fiber array and waveguides. 
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However, since it is disposed around the fibers, it can lead to the tremendous problem of 
light reflection by merely causing local exfoliation. 

Furthermore, if the extent of the exfoliation of the fiber core is increased, other 
signal losses of the transmission light besides reflection may occur, which can also cause 
severe problems. 

Moreover, if the fiber array and waveguide are coupled by "butt joints," in which 
the end faces are placed against one another, the volume increase of the peripheral 
adhesive B due to its aging creates forces around the fibers. This force directly expands 
the end face and may lead to deterioration of the adhesion and becomes a cause for 
exfoliation- Thus, in the case of butt joints, there is the risk of reflection and 
transmission light loss as well. 

In order to perform an accelerated aging test, a fiber array housing 48 fibers was 
produced, which had a total longitudinal length of 12 mm, and in which the length of the 
distance over which the fibers were fixed in the V-grooves was 4 mm. For the peripheral 
adhesive B used in the assembly, an epoxy adhesive was selected that had a curing 
shrinkage ratio of 2%, a water absorption ratio of 0.5%, a thermal expansion coefficient of 
1 x 10" 4 , and a Shore D85 hardness. When this sample fiber array was subjected to an 
accelerated aging test of 85°C/85%RH for 2 weeks, the change of the protrusion length of 
the adhesive in the direction protruding from the end face was 0.1 to 1 fim. This is for a 
measurement under ordinary temperatures, but it seems that at elevated temperatures, an 
even larger protrusion may occur due to the influence of the thermal expansion. It seems 
that this protrusion occurs because of the swelling, which is aggravated by thermal 
expansion at elevated temperatures. This change is affected not only by the water 
absorption ratio, but also by the shrinkage due to curing, the length of the portion over 
which the fiber is fixed in the V-groove, and the adhesion structure of V-groove substrate 
and fiber fixing substrate. It was found that it differs depending on the adhesives used, 
the structure of the fiber array and the fabrication conditions. 

It is an object of the present invention to solve these conventional problems, and 
to prevent the occurrence of light reflections due to an increased volume of the peripheral 
adhesive B around the fibers. 
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SUMMARY OF THE INVENTION 

To achieve these objects, according to a first aspect of the present invention, a 
fiber array housing a stripped fiber in a V-groove of a V-groove substrate is provided. 
The stripped fiber is fixed in the V-groove by a fiber fixing substrate, and is adhered by a 
peripheral adhesive B disposed around the stripped fiber. An end face of the peripheral 
adhesive B is recessed with respect to an end faces of the fiber. Thus, the end face of the 
peripheral adhesive B does not protrude from the fiber end face, even when the volume 
increases due to swelling by aging. As a result, the deformation stress at the entire 
adhesion interface is relieved and local exfoliations of the fiber end face as happened 
conventionally do not occur. Furthermore, the risk of light reflections or losses is 
eliminated. 

According to a second aspect of the present invention, a recess depth x is related 
to a water absorption ratio 4> of the peripheral adhesive B and a length L, by the equation x 
= 0.1 x (<J> x L) / 2. The reference letter "x" refers to a recess depth that the end face of 
the peripheral adhesive B is recessed with respect to the end face of the fiber. "L" refers 
to the length over which the optical fibers are adhered to the V-grooves. Thus, a suitable 
recess depth can be formed with the desired peripheral adhesive, adjusting the adhesion 
length. Moreover, it is possible to provide a fiber array with a coupling force resistant to 
aging. 

It should be noted that the water absorption ratio c|) means the ratio of volume 

increase. 

According to a third or forth aspect of the present invention, a recess depth x is at 
least 0.1 urn. Thus, the end of the swelled adhesive does not stick out from the fiber end 
face, even when the volume of the peripheral adhesive B increases due to aging, so that it 
does not push against the end face adhesive A. 

According to a fifth aspect of the present invention, the end face of the fiber is 
flush with the end face of the fiber array or protrude therefrom. Thus, the end face of the 
fiber is not recessed with respect to the end face of the fiber array, so that dirt can be easily 
removed from the fiber end faces by washing before the adhesion to the waveguide. 
Consequently, the risk of problems such as poor adhesion forces, light reflections and 
losses can be eliminated. These problems occur when the peripheral adhesive B is glued 

SUBSTITUTE SPECIFICATION 
APPENDIX A 



-5- 

to the waveguide while there are still impurities adhering to the end face of the adhesive B. 

According to a sixth aspect of the present invention, in a fiber array according to 
the third or fourth aspects, the end face of the peripheral adhesive B is recessed a distance 
y, which is at most 10 |im, with respect to the end faces of the fiber array. When the end 
face of the peripheral adhesive B is recessed at least 10 (im from the fiber array end face, 
impurities, such as grinding stone grains or other dirt can be removed by rinsing the end 
face of the fiber array or scraping the impurities out. These impurities usually enter the 
recesses during polishing. Thus, there is no risk of poor adhesion, light reflections, or 
other losses which occur when the adhesion to the waveguide is performed while 
impurities still stick to the end face of the adhesive. 

According to a seventh aspect of the present invention, in a fiber array of any of 
the first to fourth aspects, the peripheral adhesive B has a Young's modulus of at least 
0.03GPa. Thus, the fiber can be securely fixed without positional shifts even when using 
one of the usual epoxy adhesives but with high Young's modulus. 

According to an eighth aspect of the present invention, a method for fabricating a 
fiber array in which the end face of the peripheral adhesive B is recessed with respect to 
end faces of the fibers includes ashing or etching steps. After polishing an end face of 
the assembled fiber array, ashing or etching of the end face is performed at the end of the 
fiber array at which the end of the peripheral adhesive B and the end face of the fiber are 
located. Thus, leaving the quartz fibers and the substrate of the fiber array, the peripheral 
adhesive B can be oxidized away to form recess portions. In particular, if this is done 
immediately before coupling with the waveguides of the optical device, the recess portions 
are formed in the peripheral adhesive B at the same time it eliminates organic material on 
the adhesion surface. It improves the adhesion strength of the end face adhesive A 
bonding optical elements such as waveguides to the fiber array. 

According to ninth aspect of the present invention, an optical device is optically 
connected/fixed to a fiber end face of a fiber array with the end face adhesive A. 
Examples of optical devices include optical waveguides, diodes, lenses, isolators, all types 
of bulk filters, as well as polarizers. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1(a) and 1(b) are diagrams illustrating an embodiment of the present 
invention. 

Figs. 2(a) and 2(b) are diagrams illustrating another embodiment of the present 
invention. 

Figs. 3(a) and 3(b) are diagrams illustrating a conventional fiber array. 

Figs. 4(a)-(c) are partial magnifications of the circular portion in Figs. 3(a) and 

3(b). 

Fig. 5 is a graph illustrating a relationship between the initial recess depth of the 
peripheral adhesive and the attenuation of reflections according to the Example. 

DETAILED DESCRIPTION OF THE INVENTION 

The following is a detailed explanation of the preferred embodiments of the 
present invention, with reference to the accompanying drawings. Explanations regarding 
components and fabrication methods similar to those already explained for Figs. 3(a)-(b) 
and Figs. 4(a)-(c) have been omitted. 

Figs. l(a)-(b) show a first embodiment of the present invention in a partial 
magnification similar to that of Figs. 4(a)-(c). Stripped fibers 8 are placed and positioned 
in V-grooves provided in a V-groove substrate 1, and are fixed by a peripheral adhesive B. 

Fig. 1(a) is a cross-sectional view taken from above, showing the initial adhesion 
state. The stripped fibers are positioned such that they protrude beyond the end face la 
of the V-groove substrate 1, and the adhesive B is formed flush with the end face la of the 
V-groove substrate 1 and does not protrude beyond that end face la. 

Then, as the adhesive B swells and extends in the longitudinal direction when 
subjected to high temperature and high humidity, it protrudes beyond the end face la of 
the V-groove substrate and out from the end face of the fiber array, as shown in Fig. 1(b). 
However, the tip of the adhesive B does not go beyond the tips of the stripped fibers. 
Thus, the adhesive does not apply a stress that might lead to exfoliation on the junction 
face of the end face adhesive A. 

Figs. 2(a)-(b) show a second embodiment of the present invention in a cross 
section taken from above, similar to Figs. l(a)-(b). While the optical fibers in the fiber 
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array in Fig. 1(b) protrude from the fiber array, the optical fibers in the fiber array in Fig. 
2(b) are formed flush with the fiber array. In the initial state shown in Fig. 2(a), the 
adhesive B forms a meniscus surface with respect to the gaps around the fibers, and the 
vicinity of the center of the meniscus surface is receded at least 0.1 \im and at most 10 nm 
from the fiber end face. 

Then, when subjected to high temperature and high humidity, the adhesive B 
swells and extends in the longitudinal direction, and protrudes in outward direction from 
the initial state, as shown in Fig. 2(b). However, the tip of the adhesive B does not swell 
beyond the end face of the stripped fibers and the end face la of the V-groove substrate 1. 
As a result, it does not apply a stress that might lead to exfoliation on the junction face 
with the adhesive A. 

The following is an explanation of a method for fabricating a fiber array, in which 
the end of the peripheral adhesive B is recessed with respect to the fiber end faces. 

First, as a fabrication method suitable for the fiber arrays shown in Figs. l(a)-(b) 
and Figs. 2(a)-(b), the end face of the fiber array fastened to the waveguide is ashed or 
plasma etched in a polishing step, which is the last step for fiber arrays assembled in an 
ordinary fabrication process. Thus, leaving the quartz fibers, the peripheral adhesive B 
can be oxidized away to form recess portions. In particular, if this is done immediately 
before coupling with the waveguides, then the recess portions are formed in the peripheral 
adhesive B at the same time of eliminating organic material from the adhesion surface. 
This improves the adhesion strength of the end face adhesive A bonding optical elements 
such as waveguides to the fiber array. 

A separate fabrication method, which is suitable as a fabrication method for the 
fiber array shown in Figs. 2(a)-(b), is carried out before the usual last polishing step. 
That is to say, in the step of sandwiching the stripped fibers between the V-groove 
substrate 1 and the fiber fastening substrate 2 and fastening them with the peripheral 
adhesive B, the curing process is interrupted at a curing degree at which the fibers are held 
securely and protected during the polishing and fixing the adhesive B preliminarily. 
Then, the usual polishing process is carried out, and after forming the end face of the 
adhesive B flush with the end face of the fiber array, the preliminarily fixed adhesive B is 
cured all the way. Thus, the flush adhesive B shrinks by the curing in that last step, and 
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the end face is drawn inward, forming recesses with respect to the fiber end face. 
Example 

Fiber arrays accommodating 48 fibers were produced, which had a total 
longitudinal length of 12 mm, and the fibers were fixed in the V-grooves over a distance of 
4 mm. For the peripheral adhesive B used in the assembly, an epoxy adhesive was 
selected that had a curing shrinkage ratio of 2%, a water absorption ratio of 0.5%, a 
thermal expansion coefficient of lx 10" 4 , and a Shore D85 hardness. The previously 
mentioned method was used to form the recesses, and samples with different recess depth 
were produced, and when they were subjected to an accelerated aging test of 85° 
C/85%RH for 2 weeks, the following test results were obtained. 

In accordance with those results, it is preferable that the recess depth is at least 
0.1 \im and at most 10 fim. In particular if the recess depth is at least 0.1 jam, even when 
the volume of the peripheral adhesive B increases due to aging, the end of the swelled 
adhesive does not stick out from fiber end faces, so that it does not push against the end 
face adhesive A. On the other hand, if the recess depth is not more than 10 (am, then 
impurities can be removed by rinsing the end face of the fiber array or scraping. Thus, 
there is no risk of poor adhesion, light reflections, or other losses, which occurs when the 
adhesion to the waveguide is performed while impurities still stick to the end face of the 
adhesive. A graph of the relationship between the initial recess depth of the peripheral 
adhesive and the attenuation of reflections is shown in Fig. 5. 

Furthermore, comparing epoxy adhesives with various Young's moduli, it was 
found that poor adhesions at the coupling face can be easily prevented simply by setting 
the recess depth when using an adhesive having a Young's modulus of at least 0.03GPa. 
The epoxy adhesive is used to fix the fibers into a certain position without positional shifts, 
so that the higher the Young's modulus is, the more effectively the epoxy adhesive can be 
used by setting the recess depth of the present invention, even when there is the adverse 
influence of protrusions at the coupling face. ^ 

Moreover, considering the relation between the recess depth x to the expansion 
ratio <J) of the peripheral adhesive B and the length L over which the optical fiber is 
adhered, a relation x = f ((f), L) can be established. From this relation, a suitable recess 
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depth can be formed, adjusted for the adhesion length, with the desired peripheral adhesive, 
thus providing a fiber array with a coupling force resistant to aging. 

As explained above, in the fiber array of the present invention, stripped fibers are 
housed in V-grooves of a V-groove substrate and are fixed in the V-grooves by a fiber 
fixing substrate. The fibers are fastened by a peripheral adhesive B that is disposed 
around the fibers, and the end of the peripheral adhesive B is recessed with respect to an 
end face of the fibers. Thus, even in the case of a volume increase due to swelling 
caused by aging, the end face of the peripheral adhesive B does not protrude from the fiber 
end faces. This leads to deformation stress that loosens the entire adhesive interface or 
local exfoliation of the fiber end faces as in the related art, and the risk of light reflections 
is eliminated. 

The invention may be embodied in other specific forms without departing from 
the spirit or essential characteristics thereof. The embodiments disclosed in this 
application are to be considered in all respects as illustrative and not restrictive, the scope 
of the invention being indicated by the appended claims rather than by the foregoing 
description. All changes that come within the meaning and range of equivalency of the 
claims are intended to be embraced therein. 



SUBSTITUTE SPECIFICATION 
APPENDIX A 



-1- 

FIBER ARRAY^ METHOD FOR FABRICATING THE SAME AND OPTICAL 
DEVICE USING THE FIBER ARRAY 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to fiber arrays used to fix one or more optical fibers 
in a line, and to connect the one or more optical fibers to an optical element, as well as to 
methods for fabricating such fiber arrays and optical devices using such fiber arrays. 

2. Description of the Related Art 

Conventional fiber arrays are mainly used to couple optical fibers to waveguides 
of optical devices. As shown in a top view in Fig. 3(a), the corresponding lateral view in 
Fig. 3(b), and in Fig. 4 Figs. 4(a)-(c), the end faces of a fiber array ^and a waveguide 
substrate are optically fixed by an end face adhesive A, and the end faces of the optical 
fibers are up to about 10 \im removed from the end face of the wave-guide D. As shown 
in Fig. 4(a), which is a front view, and in Fig. 4(c), } which is a cross-section taken from 
above, stripped fibers 8 are placed in a V-groove substrate 1 , and a fiber fixing substrate 2 
fixes the stripped fibers 8 in the center of the V-grooves. „The stripped fibers 8 are 
fastened by a peripheral adhesive B disposed around the stripped fibers 8, so that the gap 
between the V-grooves and the stripped fibers 8, in other words the periphery of the fibers, 
is filled with the peripheral adhesive B. Furthermore, coated fibers 9 are housed by an 
upper substrate 3, to which they are fixed with an adhesive. It should be noted that the 
upper substrate 3 is sometimes not needed, since the fiber fixing substrate 2 is used to fix 
the stripped fibers 8 securely in the center of the V-grooves 7. 

The V-groove substrate 1 includes an upper plane 4 and a lower plane 6 that is 
recessed by a step 5 from the upper plane 4. V-grooves 7 are formed by mechanical 
machining using a grinding stone or the like, or by Si etching to house the stripped fibers 
8 in the upper plane 4. The height of the step 5 is set to about half the diameter of the 
coated portion of the optical fiber. _This height is adjusted such that the stripped fibers 8 
are placed in the center of the V-grooves 7, when the coating of the optical fibers is put on 
the lower plane 6. Moreover, the fiber fixing substrate 2 is fastened tightly to the upper 
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side of the upper plane 4 to fix the stripped fibers 8 in the center of the V-grooves 7. 
Then, grooves are formed in the lower side of the upper substrate 3, and the upper 
substrate 3 is placed on the lower plane 6 of the V-groove substrate 1. 

As a method for fabricating such a fiber array, first the upper substrate 3 is placed 
on the lower plane 6 of a V-groove substrate 1 , and the end face of the upper substrate 3 is 
adhered tightly to the step 5 of the V-groove substrate 1. Thus, both parts are positioned 
with respect to longitudinal direction. _At the same time tunnel-shaped holes are formed 
by the lower plane 6 and the grooves in the lower surface of the upper substrate 3. If the 
optical fibers are introduced from the outside into these holes, then the stripped optical 
fibers 8 are matched with the centers of the V-grooves 7. Here, the coating housing 
portion is machined so that the grooves in the lower surface precisely match the coating of 
the fibers. ^Consequently, once the optical fibers are inserted, they are maintained in that 
state. Then after the fiber fixing substrate 2 is placed on the upper plane 4 of the 
V-groove substrate 1 to hold down the stripped fibers 8, a thermo-setting or UV-setting 
resin adhesive B is injected and filled around the stripped fibers 8 to fix them adhesively. 

Next, after polishing the surface joined to the waveguide D, both end faces of the 
fiber array F-and the waveguide D substrate are optically fixed with the end face adhesive 
A. 

A problem is that over the passage of years, the peripheral adhesive B swells and 
its volume expands when the adhesive B is disposed around the fibers in the fiber array. 
If it protrudes out to the front, pressing against the end face adhesive A as shown in Fig. 
4(c), a strong exfoliation stress acts on the adhesion interface between the end face 
adhesive A and the fiber end faces. Jt may lead to exfoliations 8b. More specifically, as 
shown in Fig. 4(b), the spaces for the fibers have the shape of triangular prisms. JThe 
peripheral adhesive B around the fibers protrudes from the portions corresponding to the 
three vertices in longitudinal direction while enclosing the fibers. As a result, stress 
concentrates locally on the adhesion surface where the fiber end face borders against the 
end face adhesive A. It is e asily occurs that the The fiber end face easily exfoliates from 
the end face adhesive A. Even at a microscopic level, if the core portion 8a of the fibers 
exfoliates, such exfoliations immediately cause light reflections, leading to a deterioration 
of the transmission signal from the light source. The volume taken up by the peripheral 
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adhesive B is small when compared to the total volume of fiber array and waveguides. _ 
However, since it is disposed around the fibers, it can lead to the tremendous problem of 
light reflection by merely causing local exfoliation. 

Furthermore, if the extent of the exfoliation of the fiber core is increased, other 
signal losses of the transmission light besides reflection may occur, which can also cause 
severe problems. 

Moreover, if the fiber array and waveguide are coupled by "butt joints^" in which 
the end faces are placed against one another, the volume increase of the peripheral 
adhesive B due to its ages- aging creates forces around the fibers. _This force directly 
expands the end face and may lead to deterioration of the adhesion and becomes a cause 
for exfoliation. _Thus, in the case of butt joints, there is the risk of reflection and losses of 
transmission light loss as well. 

In order to perform an accelerated aging test, a fiber array housing 48 fibers was 
produced, which had a total longitudinal length of 12 mm, and in which the length of the 
distance over which the fibers were fixed in the V-grooves was 4 mm. For the peripheral 
adhesive B used in the assembly, an epoxy adhesive was selected that had a curing 
shrinkage ratio of 2%, a water absorption ratio of 0.5%, a thermal expansion coefficient of 
1 xlO" 4 , and a Shore D85 hardness. When this sample fiber array was subjected to an 
accelerated aging test of 85^eC/85%RH x- for 2 weeks, the change of the protrusion length 
of the adhesive in the direction protruding from the end face was 0.1 to 1 (am. This is for 
a measurement under ordinary temperatures, but it seems that at elevated temperatures, an 
even larger protrusion may occur due to the influence of the thermal expansion. It seems 
that this protrusion occurs because of the swelling, which is aggravated by thermal 
expansion at elevated temperatures. „This change is affected not only by the water 
absorption ratio, but also by the shrinkage due to curing, the length of the portion over 
which the fiber is fixed in the V-groove, and the adhesion structure of V-groove substrate 
and fiber fixing substrate. __It was found that it differs depending on the adhesives used, 
the structure of the fiber array and the fabrication conditions. 

It is an object of the present invention to solve these conventional problems, and 
to prevent the occurrence of light reflections due to an increased volume of the peripheral 
adhesive B around the fibers. 
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SUMMARY OF THE INVENTION 

To achieve these objects, according to a first aspect of the present invention, a 
fiber array houses housing a stripped fiber in a V-groove of a V-groove substrate i s 
provided . _„The stripped fiber is fixed in the V-groove by a fiber fixing substrate, and is 
adhered by a peripheral adhesive B disposed around the stripped fiber. _An end face of 
the peripheral adhesive B is recessed with respect to an end faces of the fiber. Thus, the 
end face of the peripheral adhesive B does not protrude from the fiber end face, even when 
the volume increases due to swelling by aging. _As a result, the deformation stress at the 
entire adhesion interface is relieved and local exfoliations of the fiber end face as 
happened conventionally do not occur. JFurthermore, the risk of light reflections or losses 
is eliminated. 

According to a second aspect of the present invention, a recess depth x is related 
to a water absorption ratio <j) of the peripheral adhesive B and a length L, by the equation x 
= 0.1 x (c|) x L) / 2. The reference letter " x !? refers to a recess depth that the end face of 
the peripheral adhesive B is recessed with respect to the end face of the fiber. "L" refers 
to the length over which the optical fibers are adhered to the V-grooves. Thus, a suitable 
recess depth can be formed with the desired peripheral adhesive, adjusting the adhesion 
length. ^Moreover, it is possible to provide a fiber array with a coupling force resistant to 
aging. 

It should be noted that the water absorption ratio c|> means the ratio of volume 

increase. 

According to a third or forth aspect of the present invention, a recess depth x is at 
least 0.1 i^m. Thus, the end of the swelled adhesive does not stick out from the fiber end 
face, even when the volume of the peripheral adhesive B increases due to aging, so that it 
does not push against the end face adhesive A. 

According to a fifth aspect of the present invention, the end face of the fiber is 
flush with the end face of the fiber array or protrude therefrom. Thus, the end face of the 
fiber is not recessed with respect to the end face of the fiber array, so that dirt can be easily 
removed from the fiber end faces by washing before the adhesion to the waveguide. 
Consequently, the risk of problems such as poor adhesion forces, light reflections and 
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losses can be eliminated. _These problems occur when the peripheral adhesive B is glued 
to the waveguide while there are still impurities adhering to the end face of the adhesive B. 

According to a sixth aspect of the present invention, in a fiber array according to 
the third or fourth aspeet aspects , the end face of the peripheral adhesive B is recessed a_ 
distance y, which is at most 10 |am a with respect to the end faces of the fibef sfiber array . 
When the end face of the peripheral adhesive B is recessed at least 1 0 |xm from the fiber 
array end face, impurities, such as grinding stone grains or other dirt^ can be removed by 
rinsing the end face of the fiber array or scraping the impurities out. _These impurities 
usually enter the recesses during polishing. Thus, there is no risk of poor adhesion, light 
reflections, or other losses? which occurs occur when the adhesion to the waveguide is 
performed while impurities still stick to the end face of the adhesive. 

According to a seventh aspect of the present invention, in a fiber array of any of 
the first to fourth aspeet aspects , the peripheral adhesive B has a Young's modulus of at 
least 0.03GPa. Thus, the fiber can be securely fixed without positional shifts even when 
using one of the usual epoxy adhesives but with high Young's modulus. 

According to an eighth aspect of the present invention, a method for fabricating a 
fiber array in which the end face of the peripheral adhesive B is recessed with respect to 
end faces of the fibers includes ashing or etching steps. _After polishing an end face of 
the assembled fiber array, ashing or etching of the end face are taken is performed at the 
end of the fiber array at which the end of the peripheral adhesive B and the end face of the 
fiber are located. Thus, leaving the quartz fibers and the substrate of the fiber array, the 
peripheral adhesive B can be oxidized away to form recess portions. In particular, if this 
is done immediately before coupling with the waveguides of the optical device, the recess 
portions are formed in the peripheral adhesive B at the same time it eliminates organic 
material on the adhesion surface. __It improves the adhesion strength of the end face 
adhesive A bonding optical elements such as waveguides to the fiber array. 

According to ninth aspect of the present invention, an optical device is optically 
connected/fixed to a fiber end face of a fiber array with the end face adhesive A. 
Examples of optical devices include optical waveguides, diodes, lenses, isolators, all types 
of bulk filters, as well as polarizers. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1(a) and 1(b) are diagrams illustrating an embodiment of the present 
invention. 

Figs. 2(a) and 2(b) are diagrams illustrating another embodiment of the present 
invention. 

FigrFigs, 3 (a) and 3(b) is a diagram are diagrams illustrating a conventional fiber 

array. 

Figs. 4(a)-(c) are partial magnifications of the circular portion in Fig. 3 Eigs. 3(a) 
and 3(b) . 

Fig. 5 is a graph illustrating a relationship between the initial recess depth of the 

peripheral adhesive and the attenuation of reflections according to the Example. 

DETAILED DESCRIPTION OF THE P RE FER RE D EMB QP 1MENTS INVENTION 

The following is a detailed explanation of the preferred embodiments of the 
present invention, with reference to the accompanying drawings. Explanations regarding 
components and fabrication methods similar to those already explained for Figr Figs, 
3 (a)-(b) and Fig-. -Figs. 4 (a)-(c) have been omitted. 

Figr Figs. Ka)-(b) shows- show a first embodiment of the present invention in a . 
partial magnification similar to that of FigrFjigs. 4 (a)-(c) . Stripped fibers 8 are placed and 
positioned in V-grooves 7-provided in a V-groove substrate 1, and are fixed by a peripheral 
adhesive B. 

Fig. 1(a) is a cross-sectional view taken from above, showing the initial adhesion 
state. The stripped fibers are positioned such that they protrude beyond the end face la 
of the V-groove substrate 1, and the adhesive B is formed flush with the end face 1 a of the 
V-groove substrate 1 and does not protrude beyond that end face la. 

Then, when-as the adhesive B swells and extends in the longitudinal direction 
when subjected to high temperature and high humidity, it protrudes beyond the end face la 
of the V-groove substrate and out from the end face of the fiber array, as shown in Fig. 
1(b). However, the tip of the adhesive Bjdoes n °t go beyond the tips of the stripped fibers. 
Thus, the adhesive does not apply a stress that might lead to exfoliation on the junction 
face of the end face adhesive A. 
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Bgr Figs. 2 (aWb) shows- show a second embodiment of the present invention in a 
cross section taken from above, similar to Figr Figs. Ua)-(b) . While the optical fibers in 
the fiber array in Fig. l£b) protrude from the fiber array, the optical fibers in the fiber array 
in Fig. 2(b} ? are formed flush with the fiber array. In the initial state shown in Fig. 2(a), 
the adhesive B forms a meniscus surface with respect to the gaps around the fibers, and the 
vicinity of the center of the meniscus surface is receded at least 0. 1 fim and at most 1 0 jam 
from the fiber end face. 

Then, when subjected to high temperature and high humidity, the adhesive B 
swells and extends in the longitudinal direction, and protrudes in outward direction from 
the initial state, as shown in Fig. 2(b). _However, the tip of the adhesive B does not swell 
beyond the end face of the stripped fibers and the end face la of the V-groove substrate 1 . 
As a result, it does not apply a stress that might lead to exfoliation on the junction face 
with the adhesive A. 

The following is an explanation of a method for fabricating a fiber array, in which 
the end of the peripheral adhesive B is recessed with respect to the fiber end faces. 

First, as a fabrication method suitable for the fiber arrays shown in FigrFjgs. 
l fa)-(b) and Fife- Figs. 2 (a)-fb) , -the end face of the fiber array fastened to the waveguide 
is ashed or plasma etched in a polishing step, which is the last step for fiber arrays 
assembled in an ordinary fabrication process. Thus, leaving the quartz fibers, the 
peripheral adhesive B can be oxidized away to form recess portions. In particular, if this 
is done immediately before coupling with the waveguides, then the recess portions are 
formed in the peripheral adhesive B at the same time of eliminating organic material from 
the adhesion surface. „_This improves the adhesion strength of the end face adhesive A 
bonding optical elements such as waveguides to the fiber array. 

As-aA separate fabrication method, which is suitable as a fabrication method for 
the fiber array shown in Figr Figs. 2 (a)-(b), is_carried out before the usual last polishing 
step. That is to say, in the step of sandwiching the stripped fibers between the V-groove 
substrate 1 and the fiber fastening substrate 2 and fastening them with the peripheral 
adhesive B, the curing process is interrupted at a curing degree at which the fibers are held 
securely and protected during the polishing and fixing the adhesive B preliminarily. 
Then, the usual polishing process is carried out, and after forming the end face of the 
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adhesive B flush with the end face of the fiber array, the preliminarily fixed adhesive B is 
cured all the way. Thus, the flush adhesive B shrinks by the curing in that last step, and 
the end face is drawn inward, forming recesses with respect to the fiber end face. 

Example 

Fiber arrays accommodating 48 fibers were produced, which had a total 
longitudinal length of 12 mm, and i n w h ich the length of th e distan ce over which the fibers 
were fixed in the V-grooves was- over a distance of 4 mm. For the peripheral adhesive B 
used in the assembly, an epoxy adhesive was selected that had a curing shrinkage ratio of 
2%, a water absorption ratio of 0.5%, a thermal expansion coefficient of lxlO" 4 , and a 
Shore D85 hardness. The previously mentioned method was used to form the recesses, 
and samples with different recess depth were produced, and when they were subjected to 
an accelerated aging test of 85^eC/85%RH *r -for 2 weeks, the following test results were 
obtained. 

In accordance with those results, it is preferable that that-the recess depth is at 
least 0.1 |im and at most 10 \im. In particular if the recess depth is at least 0.1 \im, even 
when the volume of the peripheral adhesive B increases due to aging, the end of the 
swelled adhesive does not stick out from fiber end faces, so that it does not push against 
the end face adhesive A. On the other hand, if the recess depth is not more than 1 0 jim, 
then impurities can be removed by rinsing the end face of the fiber array or scraping. 
Thus, there is no risk of poor adhesion, light reflections, or other losses, which occurs 
when the adhesion to the waveguide is performed while impurities still stick to the end 

face of the adhesive. A graph of the re l ationsh ip betwee n t he in itia l r e ce ss de pt h of th e 

peripheral adhesive and the attenuation of reflections is shown in Fig. 5. 

Furthermore, comparing epoxy adhesives with various Young's m o d u le modulu it 
was found that poor adhesions at the coupling face can be easily prevented simply by 
setting the recess depth when using an adhesive having a Young's modulus of at least 
0.03GPa. The epoxy adhesive is used to fix the fibers into a certain position without 
positional shifts, so that the higher the Young's modulus is, the more effectively the epoxy 
adhesive can be used by setting the recess depth of the present invention, even when there 
is the adverse influence of protrusions at the coupling face. 
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Moreover, considering the relation between the recess depth x to the expansion 
ratio <J> of the peripheral adhesive B and the length L over which the optical fiber is 
adhered, a relation x = f ((J), L) can be established. From this relation, a suitable recess 
depth can be formed, adjusted for the adhesion length, with the desired peripheral adhesive, 
thus providing a fiber array with a coupling force resistant to aging. 



Table 1 




0 2 4 8 8 10 12 14 

initial recess depth [jim] 



As explained above, in the fiber array of the present invention, stripped fibers are 
housed in V-grooves of a V-groove substrate and are fixed in the V-grooves by a fiber 
fixing substrate. „„The fibers are fastened by a peripheral adhesive B that is disposed 
around the fibers, and the end of the peripheral adhesive B is recessed with respect to an 
end face of the fibers. JThus, even in the case of a volume increase due to swelling 
caused by aging, 

the end face of the peripheral adhesive B does not protrude from the fiber end faces. _ 
This leads to deformation stress that loosens the entire adhesive interface or local 
exfoliation of the fiber end faces as in the related art, and the risk of light reflections is 
eliminated. 

The invention may be embodied in other specific forms without departing from 
the spirit or essential characteristics thereof. The embodiments disclosed in this 
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application are to 6'e'considered in all respects as illustrative and not restrictive, the scope 
of the invention being indicated by the appended claims rather than by the foregoing 
description. All changes that come within the meaning and range of equivalency of the 
claims are intended to be embraced therein. 
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